The tectonic and volcanic characteristics of the surface of Venus are poorly known, but these characteristics must be closely related to the mechanism by which Venus rids itself of internal heat. On the other solid planets and satellites of the solar system, lithospheric heat [ransport is dominated by one of three mechanisms: (1) plate recycling, (2) lithospheric conduction, and (3) hot spot volcanism. We evaluate each mechanism as a candidate for the dominant mode of lithospheric heat transfer on Venus, and we explore the implications of each mechanism for the interpretation of Venus surface features. Despite claims made to the contrary in the literature, plate recycling on Venus cannot be excluded on the basis of either theoretical arguments or present observations on topography and radar backscatter. Landforms resulting from plate convergence and divergence on Venus would differ substantially from those on the earth because of the high surface temperature and the absence of oceans on Venus, the lack of free or hydrated water in subducted material, the possibility that subduction would more commonly be accompanied by lithospheric delamination, and the rapid spreading rates that would be required if plate recycling removes a significant fraction of the internal heat. If plate recycling occurs on Venus, the rolling plains and lowlands provinces would be approximate analogs to terrestrial ocean basins in terms of age, igneous rock type, and formative process; highlands on Venus would be roughly analogous to terrestrial continents. The hypothesis that lithospheric conduction dominates shallow heat transfer on Venus leads to the prediction that the lithosphere is thin. If Venus has a global heat loss per mass equal to that for earth, then temperatures marking the base of the thermal lithosphere on earth would be reached on Venus at an average depth of about 40 km. Unless the mantle convective planform can maintain lithospheric regions of persistently low heat flow or unless the present atmospheric greenhouse on Venus is geologically recent, then such a lithospheric thickness leads to the conclusion that the topographic features contributing to the 13 km of relief on the planet must be geologically young. The hypothesis that hot spot volcanism dominates lithospheric heat transfer on Venus leads to the prediction that the surface must be covered with numerous active volcanic sources. In particular, if a typical Venus hot spot has a volcanic flux equal to the average flux for the Hawaiian hot spot for the last 40 m.y., then 10 '• such hot spots are necessary to remove the Venus internal heat by volcanism. Such a number would produce enough volcanic material to resurface the entire planet to a depth of 1 km every 2 m.y.; few areas of the planet would escape resurfacing for geologically long periods of time. We find that none of the mechanisms for lithospheric heat transfer on Venus can be excluded as unimportant at present; it is likely that, as on earth, a combination of mechanisms operates on Venus. The strongest conclusion to emerge from this evaluation is that most of the major topographic features and probably many of the surface geological units on Venus are young by comparison with the surfaces of the smaller terrestrial planets.
INTRODUCTION
The mechanism by which a solid planet transports heat across the outer 100 km of its interior plays a pivotal role in determining the styles and magnitudes of tectonic and volcanic activity at the planet's surface. Among the planets can be found examples of bodies in which one of three distinct mechanisms has dominated heat loss (Figure 1) , and the resulting geological histories for these bodies differ profoundly. For the earth, the majority of mantle-derived heat is delivered to the surface through plate recycling: the processes of creation, cooling, and subduction of oceanic lithosphere [Sclater et al., 1980] . For the smaller terrestrial bodies, including Mars, Mercury, and the earth's moon, heat transport has occurred principally by conduction through a globally continuous lithospheric shell [Solomon, 1978] , and the levels of both tectonic and volcanic activity We pose three hypotheses for lithospheric heat transfer on Venus, each based on one of the mechanisms known to dominate heat flux on other planetary bodies: (1) that lithospheric heat transport occurs primarily through plate recycling, (2) that lithospheric conduction dominates the heat loss, and (3) that heat is transported through the lithosphere principally by hot spot volcanism. These three hypotheses should be regarded as end-members; clearly, combinations of mechanisms may also serve to deliver internal heat to the planetary surface. We test each hypothesis against the known properties of Venus, and we explore the implications of each for the character of tectonic and volcanic activity at the Venus surface. We find that none of the individual hypotheses can currently be excluded. Although specific predictions of the three hypotheses for surface geological evolution differ substantially, each hypothesis leads to the conclusion that many, if not most, of the physiographic features of the Venus surface are geologically young.
VENUS HEAT FLOW
To quantify discussions of specific mechanisms for lithospheric heat transport on Venus, it is necessary to adopt a value for the rate of global heat loss from the planet. Since the surface heat flux on Venus has not been measured, we assume as a basis for an estimate that the heat loss per mass on Venus is identical to that on earth. The present heat loss from the solid earth is The heat flux from the earth consists of two parts: heat generated by currently operative internal processes and heat remaining from such ancient processes as planetary accretion and core-mantle differentiation. A recent review of these aspects of the thermal history problem is given by Solomon et al. [1981] . Of the currently operative processes, radioactive decay contributes the vast majority of the heat generation, with minor increments contributed from the motion of phase boundaries (e.g., inner core freezing) and tidal dissipation. To determine the partitioning of global heat loss between presently generated and ancient heat, it is necessary to solve for the earth's thermal evolution, including particularly the effect of solid state convection on mantle heat transfer. A number of such calculations have recently been performed using one of several parameterization schemes for heat transport by mantle convection Peltier, 1978, 1979 Any tectonic comparison of the topography of Venus and earth should also be made in recognition of the fact that many of the physiographic characteristics of terrestrial features of plate tectonic origin are a direct result of the present distribution of continents and ocean basins, the present range of ridge spreading rates, and the presence of surface water. On a planet with a higher surface temperature and negligible surface water, many of these characteristics might be expected to differ. For example, the orthogonal pattern of mid-ocean ridge segments and transform faults is held to be a diagnostic feature of terrestrial plate tectonics that is visible in the topographic data for some oceanic regions even at Pioneer Venus resolution [Arvidson and Davies, 1981 ] . On the basis of laboratory experiments, however, it appears that this pattern may be a function of material properties. Oldenburg and Brune [1975] These buoyancy calculations are sensitive to the assumptions made about parameters which are at best poorly known for Venus, including the thickness of a crustal layer, the location of the mantle residuum remaining after extraction of partial melt to produce the crust, and the partitioning of planetary heat loss among plate recycling and conduction. Thus the uncertainty attached to an individual result is large, and both positive and negative values for net lithospheric buoyancy are possible results at our present stage of understanding [Phillips and Malin, 1982] .
That the Venusian lithosphere is less negatively buoyant than old oceanic lithosphere on earth is likely, yet even this conclusion is not a strong argument against some form of subduction on Venus. On the earth, oceanic lithosphere with seafloor as young as 10 m.y. is subducted [Menard, 1978] , yet such lithosphere is certainly less negatively buoyant than unsubducted oceanic lithosphere 150 m.y. old. Parsons [1982] , in fact, has demonstrated that the distribution of ocean floor area versus age on the earth is consistent with the hypothesis that plate consumption is uniformly distributed with age except for seafloor younger than 10 m.y. old. Subduction of young seafloor may, of course, be sustained by a finite-amplitude instability; i.e., 10 m.y. old oceanic lithosphere may be only marginally unstable or even stable gravitationally yet continue to subduct if attached to a negatively buoyant slab. Such a finiteamplitude instability might equally well be invoked to sustain subduction on Venus. Once subduction of an aging piece of Venusian lithosphere is initiated, by this argument, the subduction process may be sustained by thermal anomalies and elevated phase transitions in the subducted slab, and the characteristic age of subducted material may be substantially younger than that initially subducted. If, as suggested earlier, lithospheric delamination occurs on Venus, then the mantle portion of the lithosphere would be negatively buoyant even if the crustal portion is not. Thus a thicker crust on Venus compared with terrestrial ocean basins [Anderson, 1981] 
Assessment and Implications of the Hypothesis
We find no convincing argument to reject at present the hypothesis that some form of plate recycling dominates lithospheric heat transfer on Venus. This conclusion does not mean that plate tectonics can presently be demonstrated on Venus-or that we may not at some future date obtain improved information on the Venusian surface or interior that will allow the question to be firmly resolved. Rather, the conclusion demands that at our present level of understanding, the hypothesis that plate recycling is important for heat flow on Venus should continue to be rigorously tested against available geological information. Figure 2 , and some of the implications of the hypothesis for the surface characteristics of the planet are listed in Table 1 . As on earth, volcanic activity on Venus should be extensive by this hypothesis and should be concentrated at divergent plate boundaries. Intraplate volcanic activity may also be present. Volcanism at subduction zones may be minor at present if no free water or hydrous phases are subducted. Tectonic activity should be widespread and dominated by the large-scale horizontal motions and mutual interactions of the plates. As noted above, however, the specific physiographic characteristics of many tectonic features at plate boundaries may differ from those on earth because of the greater surface temperature and negligible surface water on Venus. Theoretical models are needed for the expected form of such features at Venus-surface conditions. By the plate recycling hypothesis, the rolling plains and lowlands provinces are analogs to terrestrial ocean basins in terms of formative process, crustal composition, and geologically youthful age. The spreading centers are expected to be characterized by rapid spreading rates and modest relief in comparison to earth. The Venus highlands may be analogs to terrestrial continents, though whether the analogy extends to composition or simply to crustal thickness is uncertain. The surface ages of highland geologic units on Venus may be considerably greater than the ages of units in the plains and lowlands. As with terrestrial continents, highland lithosphere should have greater buoyancy than the lithosphere beneath plains and lowlands and should therefore be more difficult to subduct. Mountainous terrain should, by this hypothesis, form by the collision of highland blocks (Himalayan analog) or at the locus of subduction beneath highland lithosphere (Andean analog). Both highland regions in general and mountain belts in particular will be modified as they age. Because of the high surface temperature and negligible water on Venus, viscous relaxation may be a more rapid process than weathering and erosion for reducing highland relief, in contrast to earth. If the global heat loss on Venus is delivered to the surface The hypothesis that lithospheric heat flux on Venus occurs principally by conduction cannot be rejected on the basis of presently available information. A schematic illustration of this hypothesis is given in Figure 4 , and a summary of the implications for the surface geology of Venus is given in Table 1 . The average lithospheric thermal gradients are predicted to be substantially greater, and the lithospheric thickness correspondingly less, than for volcanic mechanisms of heat transport, including both plate recycling and hot spot volcanism. The lithospheric strength and resistance to deformation should generally be less for this hypothesis than for the hypothesis that either plate recycling or hot spot volcanism dominates lithospheric heat transport on Venus. As a result, lithospheric and crustal thinning and thickening may occur in response to tractions exerted on the base of the lithosphere by mantle convective flow (see Figure 4) . The ages of surface geological units are not constrained by the conduction hypothesis and may span a great range. Because of the expected high rate of viscous relaxation, however, topographic relief on Venus should be either geologically young or dynamically maintained. Since the planform of mantle dynamics is not likely to be steady on time scales approaching the age of the planet, it would be reasonable to conclude by this hypothesis that none of the topographic features of Venus is likely to date from the first half of the planet's history. HOT 
The lithospheric recycling hypothesis for Venus is illustrated schematically in

